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(57)Abstract: 

PURPOSE: To provide a micro displacement type 
information detecting probe element capable of following 
up in correspondence with everything such as the 
waviness of |im order and periodic surface irregularity of 
nm order of a recording medium and substrate at the 
time of performing the recording, reproducing, or the like 
of information using a tunnel current or the like. 
CONSTITUTION: In a micro displacement type 
information detecting probe element, an insulating layer 
laminated on a substrate is extended to form a first stage 
cantilever 701 , and layer structure 708-710 with 
piezoelectric material held between electrode members 
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is provided on the first stage cantilever 701 . A second stage cantilever 702 is formed on the 
extension from the tip of the cantilever 701 of layer structure, and an information detecting 
probe 703 is formed at the free end part of the second cantilever 702. The first stage 
cantilever 701 is displaced utilizing reverse piezoelectric effect generated by applying voltage 
between the electrodes of the layer structure. 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] The minute displacement type information detection probe element characterized by providing or including the 
following. The layer structure which extended the insulating layer which carried out the laminating, formed the 1st step of 
cantilever on the substrate, and pinched piezoelectric material between polar-zone material on the cantilever of eye this one stage. 
This layer structure. 

[Claim 2] The minute displacement type information detection probe element according to claim 1 which is the cantilever of the 
retrose which the 2nd aforementioned step of cantilever formed by preparing a slit in the 1 st step of cantilever side with the 
aforementioned layer structure, and is characterized by considering as the composition to which the variation rate of the cantilever 
of eye these two stages is carried out using the inverse piezoelectric effect produced by impressing voltage to inter-electrode [ of 
the aforementioned layer structure ] . 

[Claim 3] The minute displacement type information detection probe element according to claim 1 or 2 to which the 2nd 
aforementioned step of cantilever is characterized by preparing more than one in parallel. 

[Claim 4] The minute displacement type information detection probe element characterized by providing or including the 
following. The layer structure which extended the insulating layer which carried out the larninating, formed the cantilever of a 
tabular on the substrate, and pinched piezoelectric material between polar-zone material on this cantilever. This layer structure. 
[Claim 5] claims 1-4 - the publication to either is minute - a variation rate - the scanning tunneling microscope characterized 
by having a type information detection probe element 

[Claim 6] The atomic force microscope characterized by having a minute displacement type information detection probe element 
according to claim 1 and a means to detect the amount of displacement of the direction of a deflection of the 2nd aforementioned 
step of cantilever. 

[Claim 7] claims 1 -4 - the publication to either is minute - a variation rate - the information processor characterized by 
providing a means to counter a type information detection probe element and this, and to form a record medium, and to sweep a 
pulse voltage and to record information between the probe of this element, and a record medium 

[Claim 8] claims 1 -4 - the publication to either is minute ~ a variation rate - the information processor characterized by 
providing a reproduction means to counter a type information detection probe element and this, and to form a record medium, and 
to read the information on this record medium by the probe of this element 

[Claim 9] The information processor according to claim 8 with which the aforementioned reproduction means is characterized by 
providing a means to detect the amount of displacement of the direction of a deflection of the 2nd aforementioned step of 
cantilever. 

[Claim 10] claims 1 -4 -- the publication to either is minute - a variation rate the information processor characterized by 
providing a reproduction means to read the information on this record medium by the probe of this element while having a means 
to counter a type information detection probe element and this, and to form a record medium, and to have swept a pulse voltage 
and to record information between the probe of this element, and a record medium 

[Claim 11] The information processor according to claim 10 with which the aforementioned reproduction means is characterized 
by providing a means to detect the amount of displacement of the direction of a deflection of the 2nd aforementioned step of 
cantilever. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the scanning tunneling microscope which carried the minute displacement type 
information detection probe element which used the inverse piezoelectric effect for positioning of probes, such as a scanning 
tunneling microscope, and this element, an atomic force microscope, and an information processor. 
[0002] 

[Description of the Prior Art] In recent years, the storage capacity of the data in a recording device tends to become still larger. In 
such an inclination, the size of a record unit becomes still smaller, and a bird clapper serves as [ the density ] indispensable 
requirements still higher. For example, in the digital audio disc by optical recording, the size of a record unit has attained to about 
[ 1 micrometer ] two. 

[0003] on the other hand, the scanning tunneling microscope (it abbreviates to STM henceforth) which can carry out direct 
observation of the electronic structure a matter front face and near the front face recently develops - having -- [-- G. - Binnig 
etal., Phys.Rev.Lett.49, and 57(1982)] - Come to be able to perform measurement of the high resolution of a real-space image 
regardless of a single crystal and an amorphous substance. And since it also has the advantage which can be observed with low 
power, it can operate further not only the inside of an ultra-high vacuum but in in the atmosphere or a solution and it can use to 
various material, without giving through the injury by current, wide range application is expected. 
[0004] If this STM applies voltage and brings it close to the distance about lnm (10A) between a metaled probe (probe 
electrode) and the conductive matter, it will use that current flows among both. This current is very sensitive to both distance 
change, and the surface information on a real space can be acquired by scanning a probe so that current or both average distance 
may be kept constant. Under the present circumstances, the resolution of field inboard is 1 A or more. 

[0005] If the material which applies the principle of this STM and has a memory effect to the switching characteristic of voltage 
current as a record medium, for example, a pi-electron system organic compound, the thin film layer of chalcogen ghosts, etc., is 
used, a record unit is possible for two or less 0.001 -micrometer record [ information ]. 

[0006] Moreover, an atomic force microscope (it omits Following AFM) The cantilever (elastic body) which supports the probe 
made to approach to distance 1 nanometer or less to a sample front face By detecting the force conversely, and scanning a sample 
front face from the amount which bends in response to the force committed between sample-probes, controlling the distance 
between sample-probes to make this force regularity A surface 3 -dimensional configuration is observed with the resolution below 
NANOMETORU [Binniget.al, Phys. Rev. Lett. 56,930 (1986)]. In this AFM, a sample does not need to have conductivity like a 
scanning tunneling microscope (STM), and since it is observable to an atom and molecule order, the insulating sample especially 
the semiconductor resist side, the biopolymer, etc. are expected to latus application. 

[0007] Moreover, many equipments are proposed in order to perform high-density record reproduction using the 
above-mentioned record medium. For example, with the equipment shown in JP,62-281 138,A, on a silicon chip, photo 
lithography technology is used, a converter, the probe which performs informational record and reproduction, and a record 
medium and the probe drive which adjusts the distance between probes are formed by one, and the recording head is integrated. 
[0008] Thus, since the record area of one recording head to occupy is mum order when installing the integrated recording head in 
a high-density record regenerative apparatus, it is necessary to prepare a recording head several 100 - 1000 numbers, to make it 
further the form which can perform relative movement of mm order between a record medium and two or more recording heads, 
and to gather storage capacity or record speed. 

[0009] However, the recording head which has several 100 - 1000 numbers as mentioned above is prepared, near is carried out 
to a record medium, and when moving mm relatively, the following troubles produce a record medium and a recording head. 

1 ) The distance of a record medium and the record probe currently installed at the nose of cam of a recording head is in the state 
of several nm where it approached very much. In this state, since the amount of displacement of a recording head is about 1 
micrometer in order for a recording head to follow a record medium, you have to press down the wave of a record medium or a 
substrate, or an inclination within about 1 micrometer. 

2) The record medium and the substrate also have the irregularity of nm period made at the time of production of a record bit or a 
substrate in addition to the big external waviness in a cycle of several micrometers. When moving this record medium and 
recording head several mm relatively, it is necessary for a recording head to follow both the irregularity of nm period, and the 
wave of mum period. Therefore, if it is going to follow the irregularity of nm period in the state where the wave of mum period 
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can be followed, it is difficult to gather relation top equipment speed with resonance frequency. 
[0010] 

[Problem(s) to be Solved by the Invention] That is, the place made into the purpose of this invention is to offer the minute 
displacement type information detection probe element which can be followed corresponding to all, such as periodic surface 
irregularity of nm order, such as one record medium and a wave of mum order of a substrate. 

2) Moreover, if possible, be in offering the scanning tunneling microscope which closed improvement, stabilization, etc. of access 
speed by using the starting minute displacement type information detection probe element, an atomic force microscope, and the 
information processor which can perform record, reproduction, etc. further. 
[0011] 

[Means for Solving the Problem] On a substrate, this invention for attaining the above-mentioned purpose extends the insulating 
layer which carried out the laminating, and forms the 1 st step of cantilever the 1 st. The layer structure which pinched piezoelectric 
material is prepared in between, this -- cantilever [ the 1 st step of ] top - an electrode — a member -- While forming the 2nd more 
step of cantilever on extension from the inside of a cantilever side with this layer structure, or a cantilever nose of cam, an 
information detection probe is formed in the free edge of the cantilever of eye these two stages. The inverse piezoelectric effect 
produced by impressing voltage to inter-electrode [ of the aforementioned layer structure ] is used. The minute displacement type 
information detection probe element considered as the composition to which the variation rate of the 1 st aforementioned step of 
cantilever is carried out, Are the cantilever of the retrose formed because the 2nd aforementioned step of cantilever prepares a slit 
in the 1 st step of cantilever side with the aforementioned layer structure, and the inverse piezoelectric effect produced by 
impressing voltage to inter-electrode [ of the aforementioned layer structure ] is used [ 2nd ]. A minute displacement type 
information detection probe element given in the above 1 st considered as the composition to which the variation rate of the 
cantilever of this two-step eye is carried out, The above 1 st with which two or more the 2nd aforementioned step of cantilevers 
are prepared [ 3rd ] in parallel, or a minute displacement type information detection probe element given in the 2nd, On a 
substrate, extend the insulating layer which carried out the laminating and the cantilever of a tabular is formed the 4th. The 
cantilever of a retrose is formed by preparing in between the layer structure which pinched piezoelectric material, and preparing a 
slit in a cantilever side with this layer structure, this cantilever top — an electrode ~ a member Two or more cantilevers by 
furthermore repeating forming the cantilever of this and a retrose in the cantilever side of this retrose one by one are formed. Form 
an information detection probe in the free edge of the rninimum cantilever in this cantilever that carried out plurality formation, 
and the inverse piezoelectric effect produced by impressing voltage to inter-electrode [ of the aforementioned layer structure ] is 
used. The minute displacement type information detection probe element considered as the composition to which the variation 
rate of two or more aforementioned cantilevers is carried out, The scanning tunneling microscope which equipped [ 5th ] the 
above 1st - the 4th either with the minute displacement type information detection probe element of a publication, and a minute 
displacement type information detection probe element given in the 6th above 1 st, The atomic force microscope equipped with a 
means to detect the amount of displacement of the direction of a deflection of the 2nd aforementioned step of cantilever, and a 
minute displacement type information detection probe element given in the 7th above 1st - the 4th either, The information 
processor possessing a means to counter this and to form a record medium, and to sweep a pulse voltage and to record 
information between the probe of this element, and a record medium, and a minute displacement type information detection probe 
element given in the 8th above 1 st - the 4th either, The information processor possessing a reproduction means to counter this, 
and to form a record medium and to read the information on this record medium by the probe of this element, An information 
processor given in the above 8th possessing a means by which 9th the reproduction means of a publication detects the amount of 
displacement of the direction of a deflection of the 2nd aforementioned step of cantilever to the above 8th, and a minute 
displacement type information detection probe element given in the 10th above 1 st - the 4th either, While having a means to 
counter this and to form a record medium, and to sweep a pulse voltage and to record information between the probe of this 
element, and a record medium The information processor possessing a reproduction means to read the information on this record 
medium by the probe of this element, and a reproduction means given in the 1 1th above 10th are in the point used as the 
information processor given in the above 10th possessing a means to detect the amount of displacement of the direction of a 
deflection of the 2nd aforementioned step of cantilever. 

[00 1 2] Namely, the composition which is to the foundations of this invention forms the cantilever of the tabular by which the end 
was fixed on the substrate. It considers as the structure which carried out the laminating of a conductive electrode material and the 
piezoelectric material which produces an inverse piezoelectric effect by turns on this cantilever, and the thing for which the 2nd 
more step of minute cantilever was formed on extension from the inside of this cantilever side, or the cantilever nose of cam, and 
the information detection probe was prepared in the free edge of this minute cantilever - it is - this composition -- setting ~ an 
electrode — a member ~ the following operations are obtained by impressing voltage in between 
[0013] 

[Function] If electric field E are added to piezoelectric material from the exterior, Polarization P will arise in piezoelectric crystal 
and the crystal will cause the minute distortion proportional to Polarization P. In the usual dielectric, since Polarization P is 
proportional to electric field E, distortion is proportional to E. 

[0014] The deflection of a tabular can be made to cause as a whole by giving the electric field which made the piezo-electric 
material which used this property, for example, was prepared in the tabular differ partially. 

[001 5] Furthermore, by considering as the composition from which two or more step of cantilever is formed [ nose of cam / of a 
cantilever / the inside of the field of a cantilever, or ] on extension, and the deflection according / the 1 st / at least / step of 
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cantilever / to the above-mentioned inverse piezoelectric effect is acquired, when all cantilevers are made to produce a deflection, 
the amount of deflections equal to total of each amount of deflections can be obtained between the outermost cantilever and the 
cantilever inside the maximum. 

[0016] Therefore, if the composition which accomplishes this operation is incorporated when adjusting the distance between a 
record medium and a probe, for example, it will become possible to make each of the irregularity of nm order or the wave of mum 
order which a record medium and a substrate have follow. 
[0017] 

[Example] Hereafter, based on an example, this invention is explained in full detail concretely. 

[00 1 8] (Example 1 ) Drawing 1 and drawing 2 are the block diagrams and motion diagrams for explaining the 1 st example of this 
invention. The insulating layer of the Si02 and the Si3N4 grade for 100 forming a substrate and 101 forming a cantilever in 
drawing 1 The electrode using material, such as Au for 102-107,1 12-1 18 driving a cantilever in three dimensions, and aluminum 
109,1 1 1 is minute by giving an electrical signal - the information detection probe for piezoelectric material, such as PZT, ZnO, 
A1N, etc. which perform a variation rate, and 120 detecting current, force, etc., such as a tunnel current, force between atoms, and 
a magnetic force, and 1 1 9 are the crookedness slits for forming the minute cantilever of a retrose 

[00 1 9] Moreover, in drawing 2 , drawing 2 (a) is the initial-state view of a cantilever 20 1 , and drawing 2 (b) is a state diagram 
when a cantilever 201 and the minute cantilever 202 of a retrose displace by the inverse piezoelectric effect. 
[0020] Still more detailed explanation is given for the minute displacement type information detection probe element which has 
composition which was explained above using drawing 1 and drawing 2 . 

[002 1 ] First, the production process of the minute displacement type information detection probe element concerning this 
invention is shown below. On the Si (100) substrate 100 with a thickness of 0.5mm, Si3N4 film was formed in thickness of 0. 1 5 
micrometers by CVD, and the insulating layer 101 was formed. The used material gas was SiH2C12:NH3 (1 :9), and substrate 
temperature was 800 degrees C. Next, patterning was carried out to the configuration of the cantilever of a request as shows 
Si3N4 film 102 to drawing 1 , and the minute cantilever of the retrose formed of the crookedness slit 1 1 9 using the dry etching 
using photo lithography technology and CF4 gas. Then, as a material of electrodes 102-107, 0. 1 micrometers of Au(s) were 
formed in the cantilever section of an insulating layer 101 by the spatter, and patterning was carried out to the desired 
configuration using photo lithography technology. The patterning configuration in this case is the same as that of the electrodes 
112-117 shown in the drawing 1 Nakagami side. In addition, in order to raise the adhesion of Si3N4 and Au, you may form Cr. 
Next, 0.3 micrometers of AlN(s) were formed by the spatter as a piezoelectric material 109. The spatter was carried out to the 
target in Ar+N2 atmosphere using aluminum. Furthermore, patterning was carried out to photo lithography by the wet etching by 
the etching reagent for aluminum. Then, the above-mentioned process was repeated, piezoelectric material and the electrode were 
formed by turns, and the bimorph structure of Si substrate-Si3N4-Au-AlN-Au-A!N-Au as shown in drawing 1 was formed. 
Finally, W was deposited in the shape of a cone by the vacuum deposition as a material of the information detection probe 120. 
[0022] The size of the cantilever of the minute displacement type information detection probe element produced according to the 
above-mentioned process was 600 micrometers in width of face of 1 50 micrometers, and length. Moreover, the size of the minute 
cantilever of the retrose formed inside the crookedness slit 1 19 was 300 micrometers in width of face of 50 micrometers, and 
length. 

[0023] Although mentioned above, the electrode of 1 12, 1 13, and 1 14,1 15,1 16,1 17 and the electrode of 102, 103, and 
104,105,106,107 correspond respectively, the pattern of an electrode is the same configuration, and 1 10 which is a bipolar 
electrode is formed all over the cantilever. 

[0024] Next, the drive method of the minute displacement type information detection probe element shown in drawing 1 is 
explained. First, when not sweeping voltage to the A1N piezoelectric device 1 09, 1 1 1 , it is a form like drawing 2 (a). Next, minus 
bias is swept to the up electrode of 1 1 3 , 1 1 7 by making the Au electrode 1 1 0 into a gland, plus bias is swept to the lower electrode 
of 103,107, minus bias is swept to the lower electrode of 104,106, plus bias is swept to the up electrode of 1 14,1 16, plus bias is 
swept to the lower electrode of 102,105, and minus bias is swept to the up electrode of 1 12,1 1 5. a deflection as shown in drawing 
2 (b) by making the A1N piezoelectric device 109,1 1 1 expand and contract using the inverse piezoelectric effect which this 
produces - a variation rate can be obtained 

[0025] Therefore, when using the minute displacement type information detection probe element of this invention, even if the size 
was the same as that of the conventional cantilever, it became possible to obtain the amount of displacement about 1 .5 times - 
double precision compared with the former. In addition, it is possible for it not to be necessary to limit the size and configuration 
of the crookedness slit 1 19 which were shown by this example to this example, and to have various configurations. For example, 
a mountain-like configuration is sufficient as the configuration of a crookedness slit. 

[0026] (Example 2) The 2nd example is shown in drawing 3 and drawing 4 . The inside of drawing 3 and 100 are the 2nd minute 
cantilever by which formed a crookedness slit and 304 in the 1 st retrose minute cantilever, and a substrate and 1 0 1 formed [ an 
insulating layer and 301 ] 305 for a cantilever and 302,303 inside the 1st retrose minute cantilever 304. 
[0027] In addition, although not illustrated to drawing 3 , the same insulating material as the membrane structure of drawing 1 , 
piezoelectric material, and the electrode material are formed as bimorph structure of Si3N4-Au-AlN-Au-AlN-Au on the Si 
substrate 100. Drawing 4 is a ****** type view before and behind displacement of drawing 3 . 

[0028] Bias voltage is given to an example 1 by the drive method of a publication, and the same method, the variation rate of the 
non-illustrated A1N piezoelectric material is carried out to Au electrode which is not illustrated to drawing 3 , and the cantilever 
of 30 1 ,304,305 is sagged. Consequently, as shown in drawing 4 (b), the element of this invention with the same size as the 
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conventional cantilever was able to be used, and one 2 to 3 times the amount of displacement of this was able to be obtained. 
[0029] As mentioned above, the still larger amount of displacement than an example 1 was able to be taken by having constituted 
the cantilever in multi-stage. 

[0030] (Example 3) The 3rd example is shown in drawing 5 . 

[003 1] It is the minute cantilever of the retrose which 100 formed the substrate among drawing 5 , and 101 formed two slits 503 
in parallel [ a cantilever and 502 ] on a cantilever 501 as for an insulating layer and 501, and was formed. Moreover, 120 is an 
information detection probe. Even if it became possible to make one of the minute cantilevers which have an information 
detection probe by making it this composition stand by as a spare cantilever and one of the two was damaged under the influence 
of **** and others, it became possible to be able to restore immediately. 

[0032] in addition -- although the parallel slit was made into two lines in this example -- **** et al. -- it is not necessary to 

restrict to two and a large number may be arranged 

[0033] (Example 4) The 4th example is shown in drawing 6 . 

[0034] Here, the example at the time of carrying the minute displacement type information detection probe element of this 
invention in the information processor in which record and reproduction are possible is shown. The probe for 600 carrying out 
record reproduction of the information among drawing 6 and 60 1 A cantilever, In the record layer which used the LB method on 
the graphite substrate and was accumulated eight layers, and 604, an electrode and 605 the squarylium-screw-6-octyl azulene in 
which the minute cantilever by which 602 was prepared on the cantilever 60 1 , and 603 have a memory effect to the switching 
characteristic of voltage-current A substrate, 606 a substrate and 608 for an X-Y stage and 607 A lengthwise (Z shaft 
orientations) position control means, The current-potential conversion circuit which changes into voltage the tunnel current to 
which 609 flows between a probe 600 and the record layer 603, The band pass filter from which a logarithmic transformation 
machine and 61 1 take out a comparator and, as for 612, 610 takes out the signal of only a certain specific frequency component, 
The low pass filter from which 6 1 3 takes out the signal of amplifier and the low frequency 6 1 4 was decided to be, The 
three-dimensions scanning circuit for 615 driving a cantilever 601 and the minute cantilever 602 to amplifier, and 616 driving 
them to three dimensions, The pulse power supply for the drive circuit for 617 driving the lengthwise position control means 608 
and 618 carrying out record reproduction of the information at the record layer 603 and 619 are size rough ****** for driving 
X-Y stage 606. 5 

[0035] Next, a high-density record regenerative apparatus is operated in the atmosphere with an above-mentioned element and 
the composition of a medium. In order that the distance between a probe 600 and the record layer 603 may control to be in a 
several nm (nano meter) fixed state, the electric feedback signal which led the current-potential conversion circuit 609, the 
logarithmic transformation circuit 610, a comparator 61 1, a band pass filter 6 1 2, a low pass filter 6 1 4, and amplifier 613,615 is 
given to a cantilever 601 and the minute cantilever 602. The tunnel current was used as a position detection means between a 
probe 600 and the record layer 603. In the above state, it will be in the state where record and reproduction can be performed. 
Record was moved to arbitrary places using the three-dimensions scanning circuit 616, and X-Y stage 606 and size rough 
****** 619, and impressed the voltage of 2 V and 1 micro [ of pulse width ] sec exceeding 1.5 V which are the threshold voltage 
which produces an electric memory effect between a probe 600 and the record layer 603 using the pulse power supply 618. 
Consequently, the ON state (state where 3 or more figures of current flow mostly compared with an OFF state) was able to be 
electrically written in the record layer 603. It was possible to have traced this record position again and to have reproduced an ON 
state. 

[0036] in addition - although the example using what used the LB method on the graphite substrate and accumulated eight layers 
of squarylium-screw-6-octyl azulenes in the above-mentioned example as a record medium was shown, if it is that whose 
elimination writes in as a material of a record medium (record layer), and is possible - anything - good - moreover - the 
production method of a medium - **** et al. - it is not necessary to limit to these 

[0037] since a probe 600 may contact with irregularity and a wave peculiar to record layer 603, electrode 604, and substrate 605 
each, an electric feedback signal must be sent to a cantilever 601 or the minute cantilever 602, and contact must be made to avoid 
in this case, although an X-Y stage is moved by mm order in case the above-mentioned record and reproduction are performed 
[0038] The signal from a comparator 61 1 is branched to two, and the signal in a cycle of several 100Hz is sent for the signal in a 
cycle of several 10Hz to a cantilever 801 through a band pass filter 612 at the minute cantilever 602 through a low pass filter 614 
so that the electric feedback signal at this time may follow a wave with the big period of several 1 0Hz which a substrate 605 has, 
and the irregularity of several 1 00Hz which an electrode 604 has. 

[0039] Thus, by separating a signal and operating a cantilever 601 and the minute cantilever 602 independently, the high-speed 
scan was able to be attained and the access speed of the information processor of this example was able to be raised. 
[0040] Although it is common about the examples 1 -4 described above, Si3N4 which forms an insulating layer 101 , A1N which 
is piezoelectric material, and Au which is an electrode material may produce the deflection of a cantilever by the temperature 
change, respectively, when these accomplish a layer structure and a cantilever is formed, since it has a different coefficient of 
linear expansion, different Young's modulus, etc. Therefore, it is desirable to select the sizes (length etc.) of a cantilever and a 
minute cantilever suitably so that a probe may come to a proper position, after also taking into consideration this thermal 
expansion or contraction. 

[004 1 ] (Example 5) The 5th example is shown in drawing 7 and drawing 8 . In this example, the minute displacement type 
information detection element has two-step composition of the cantilever portion 701 with an actuator, and the minute cantilever 
portion 702, and the probe 703 for record signal impression and regenerative- signal detection is attached at the nose of cam of the 
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minute cantilever portion 702. As the detail of this minute displacement type information detection probe element being shown in 
drawing 7 (b), On four layer 705 of Si3Ns which constitutes the two-step cantilever prepared on the Si substrate 704 The Au 
wiring 706 for record signal impression is formed in a probe 703. further in the upper layer The portion which constitutes the 1 st 
step of cantilever which consists of three layers of 707, the Au layer 708 which constitutes a uni-morph element actuator, the ZnO 
layer 709, and the Au layer 710 four layers of Si3Ns as an insulating layer is prepared. 

[0042] About the production process of such an element, it is the same as that of the method stated to the example 1 almost, and 
membranes are formed on Si (100) substrate and Au wiring is formed by the spatter in the upper part after forming Si3N4 to 
0.5-micrometer thickness with CVD at 0. 1 -micrometer thickness. Here, 0. 1 micrometers of Au layers, 0.3 micrometers of ZnO 
layers, and 0. 1 micrometers of Au layers are formed by the spatter, forming four layers of 0. 1 micrometers of Si3Ns by CVD into 
the portion of the 1 st step of cantilever, and repeating patterning again, after patterning, in the configuration of the 2nd step 
cantilever, according to a photo lithography process at it. And by the electron beam deposition method, the vacuum evaporationo 
of the conductive material, such as carbon, is carried out at the nose of cam of the 2nd step of cantilever portion, a probe is 
produced at it, and, finally a cantilever is formed in it by the anisotropic etching by KOH from a substrate rear face. 
[0043] The cantilever portion with an actuator was [ width of face of 150 micrometers, the rectangle type with a length of 600 
micrometers, and the minute cantilever portion of the size of the cantilever of the minute displacement type information detection 
probe element produced according to the above-mentioned process ] width of face of 20 micrometers, and a V character type with 
a length of 100 micrometers. 

[0044] Next, the example which applied the minute displacement type information detection probe element of this example to the 
information processor which can perform record and reproduction is explained using drawing 8 . To the record-medium substrate 
801 , a probe 802 is made to approach even distance lnm or less, and a nose of cam is relatively scanned in a longitudinal 
direction. Here, the light beam from laser 803 is irradiated at the rear face at minute cantilever partial 804 nose of cam which 
supports a probe 802, and the reflected light beam-spot position is detected by 2 division sensor 805. If change arises in the size 
of the force between atoms committed between the record-medium substrate 801 and a probe 802, change arises in the amount of 
deflections of a minute cantilever portion, and since it is accompanied by angle change of a reflected light beam, change will arise 
in the beam-spot position on 2 division sensor 805. Then, the cantilever portion 806 with an actuator bends and the amount of 
displacement is controlled so that this beam-spot position becomes fixed, namely, so that the size of the force between atoms 
committed between the record-medium substrate 801 and a probe 802 becomes fixed. The configuration of the controlled 
variable which a probe 802 goes up and down from the size of this control signal so that the size of the force between atoms may 
become fixed, i.e., record-medium substrate 801 front face, is detectable. Although the cantilever portion 806 with an actuator 
bends and the resonance frequency to a variation rate is about 1kHz at this time Since the resonance frequency to the deflection of 
the minute cantilever portion 804 is set to about 50kHz As opposed to the big wave of the micron order of a probe 802 of 
record-medium substrate 801 front face, and an inclination 807 The cantilever portion 806 with an actuator can bend and a 
substrate front face can be made to scan by the deflection of the minute cantilever portion 804 to the record bit 808 of nano meter 
order, and the irregularity 809 of a substrate with a variation rate. Thus, by operating independently the cantilever portion 806 
with an actuator, and the minute cantilever portion 804, the high-speed scan was able to be attained and the access speed of the 
information processor of this example was able to be raised. 

[0045] Here, the method of record reproduction is explained. It has conductivity, such as Au (1 1 1) side grown epitaxially for 
example, on the mica as a record-medium substrate 80 1 , and it reaches far and wide and a flat thing is used to sub nano meter 
order. The bit of the convex configuration which has an about lOnm diameter can be formed by making a probe approach a 
substrate as mentioned above, and impressing the pulse voltage for 5 V and 100 microseconds between them. As a recording 
method, in addition to the example given here, as long as it is the method that the shape of record-medium substrate surface type 
is changed, what thing may be used and other materials may also form a concave-like bit. As a reclaiming process, when a probe 
approaches a record bit, according to the force between atoms committed in the meantime, the amount of position gaps of the 
reflected light beam spot on 2 division sensor is detected for the amount by which the minute cantilever which supports a probe is 
bent, and let this be a regenerative signal. In addition, since the cantilever portion with an actuator is not followed to the signal of 
RFs, such as a record bit, such reproduction is attained. 
[0046] 

[Effect of the Invention] this invention is minute as explained above - a variation rate - forming two or more step of cantilever 
on extension from the inside of the field of a cantilever, or the nose of cam of a cantilever, while a type information detection 
probe element uses an inverse piezoelectric effect - a deflection - a variation rate - expansion of an amount is realizable 
[0047] Moreover, when the minute displacement type information detection probe element of this invention was carried in a 
scanning tunneling microscope, an atomic force microscope, and the information processor that performs high-density record and 
reproduction, by equipping two or more steps with the cantilever, it could become possible to dissociate and to operate a function, 
access speed could be raised conventionally, and the high-speed scanning tunneling microscope, the atomic force microscope, and 
the information processor have been offered by high stability. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the solid perspective diagram of the minute displacement type information detection probe element concerning 
the 1 st example of this invention. 



Drawing 2 



Drawing 3 



The displacement state diagram of the cantilever of the element concerning drawing 1 is shown. 
It is the solid perspective diagram of the minute displacement type information detection probe element concerning 
the 2nd example of this invention. 

[Drawing 4] The displacement state diagram of the cantilever of the element concerning drawing 3 is shown. 

[Drawing 51 It is the solid perspective diagram of the minute displacement type information detection probe element concerning 

the 3rd example of this invention. 

[Drawing 6] It is the block diagram showing the information processor which carried the minute displacement type information 
detection probe element concerning this invention. 

[Drawing 7] It is the solid perspective diagram and cross section of a minute displacement type information detection probe 
element concerning the 5th example of this invention. 

[Drawing 8] It is drawing showing the information processor which carried the minute displacement type information detection 
probe element concerning the 5th example of this invention. 
[Description of Notations] 

00 Substrate 

0 1 Insulating Layer 

02 Electrode (Lower Part) 

03 Electrode (Lower Part) 

04 Electrode (Lower Part) 

05 Electrode (Lower Part) 

06 Electrode (Lower Part) 

07 Electrode (Lower Part) 

09 Piezo-electric Material 

1 0 Electrode 

1 1 Piezo-electric Material 

1 2 Electrode (Upper Part) 

1 3 Electrode (Upper Part) 

1 4 Electrode (Upper Part) 

1 5 Electrode (Upper Part) 

16 Electrode (Upper Part) 

1 7 Electrode (Upper Part) 

1 8 Electrode (Upper Part) 

1 9 Incurvation Slit (Typeface of KO) 

20 Information Detection Probe 

201 Cantilever 

202 Minute Cantilever (Retrose) 

301 Cantilever 

302 Incurvation Slit 

303 Incurvation Slit 

304 1st Minute Cantilever 

305 2nd Minute Cantilever 

501 Cantilever 

502 Minute Cantilever 

503 Incurvation Slit 

600 Information Detection Probe 

601 Cantilever 
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602 Minute Cantilever 

603 Record Layer 

604 Electrode 

605 Substrate 

606 X-Y Stage 

607 Substrate 

608 Lengthwise Position Control Means 

609 Current-Potential Conversion Circuit 

6 1 0 Logarithmic Transformation Machine 

611 Comparator 

612 Band Pass Filter 

613 Amplifier 

614 Low Pass Filter 

6 1 5 Amplifier 

6 1 6 Three-Dimensions Scanning Circuit 

617 Flutter Circuit 

6 1 8 Pulse Power Supply 

6 1 9 Large Flutter Circuit 

620 Microcomputer 

621 Display 

701 Cantilever Portion with Actuator 

702 Minute Cantilever Portion 

703 Probe 

704 Si Substrate 

705 Four Layers of Si3Ns 

706 Au Wiring 

707 Four Layers of Si3Ns 

708 Au Layer 

709 ZnO Layer 

710 Au Layer 

801 Record-Medium Substrate 

802 Probe 

803 Laser 

804 Minute Cantilever Portion 

805 2 Division Sensor 

806 Cantilever Portion with Actuator 

807 Wave with Big Substrate, Inclination 

808 Record Bit 

809 Nm Synchronous Irregularity Completed at the Time of Production of Substrate 
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